Background. With the emergence of community-associated methicillin-resistant Staphylococcus aureus (MRSA) in the United States, visits for skin infections greatly increased. Staphylococci and streptococci are considered predominant causes of wound infections. Clindamycin and trimethoprim-sulfamethoxazole (TMP-SMX) are commonly prescribed, but the efficacy of TMP-SMX has been questioned.
Between 1993 and 2005, US annual emergency department visits for skin and soft tissue infection (SSTI) increased from 1.2 to 3.4 million, with most patients discharged on oral antibiotics [1] . During this period, community-associated methicillinresistant Staphylococcus aureus (CA-MRSA) emerged as the most common cause of purulent SSTIs in many parts of the world [2] .
In 2010, the US Food and Drug Administration (FDA) revised its guidance to industry for the development of drugs to treat SSTI [3] . For the first time, the FDA subdivided SSTI into categories of abscess, cellulitis, and wound infection. Surgical drainage is the primary treatment for an abscess, whereas antimicrobial treatment is paramount for cellulitis and wound infections. For cellulitis, the cause is typically unknown but presumed to be often due to Streptococcus pyogenes. For wound infections, a diagnostic culture specimen can usually be obtained. The guidance defined wound infection as "characterized by purulent drainage from a wound with surrounding redness, edema, and/or induration." The guidance was for SSTIs with an area of >75 cm 2 , referred to as acute bacterial skin and skin structure infections (ABSSSIs), and has been used to evaluate new parenteral antimicrobials and oral oxazolidinones [4] [5] [6] .
In the United States, CA-MRSA is frequently isolated from infected wounds with purulent drainage [2, 7] . Clindamycin and trimethoprim-sulfamethoxazole (TMP-SMX) have generally retained in vitro activity against CA-MRSA and are commonly prescribed off-patent oral antibiotics for SSTI [2, 7] . One large observational trial of patients with SSTI found that the risk of treatment failure with TMP-SMX treatment was more than twice that of clindamycin [8] . It has been observed that TMP-SMX's activity against S. aureus is interfered with by tissue factors [9] and that it has inferior in vitro activity against S. pyogenes [10] .
There are limited comparative effectiveness data evaluating commonly used off-patent oral antibiotics for the treatment of patients with SSTI [11] . Therefore, we compared outcomes among 500 emergency department patients presenting with an uncomplicated wound infection who were randomized to clindamycin or TMP-SMX. We tested the hypothesis that the wound infection cure rate among clindamycin-treated subjects would be greater than that of TMP-SMX-treated subjects.
METHODS

Design
We conducted a multicenter, double-blind, randomized trial to determine whether a 7-day course of clindamycin led to superior outcomes compared to TMP-SMX for treatment of emergency department patients with an uncomplicated wound infection. The full protocol and statistical analysis plan are available in the Supplementary Appendix. Each institutional review board approved the study. Study sites and conduct are described in the Supplementary Appendix.
Participants
From May 2009 to October 2012, we enrolled patients >12 years of age with an uncomplicated infected wound for whom their treating clinician intended outpatient treatment and who agreed to return for reevaluation and provided written consent. Wounds (defined as any break in the skin limited in depth to only involving skin and subcutaneous tissue) had to have erythema, tenderness, and swelling, be ≥2 cm in diameter, with symptoms of <1 week's duration. Sutured cutaneous wounds not potentially involving bowel flora (eg, intra-abdominal surgeries) were included provided sutures were to be removed upon enrollment. All subjects had soft tissue ultrasound; if a fluid collection was detected, drainage was conducted. We excluded patients with the following conditions: infection associated with an indwelling device (eg, intravenous catheter); suspected osteomyelitis or septic arthritis; diabetic foot, decubitus, or ischemic ulcer; mammalian bite; wound with organic foreign body; infection of another organ system/site; perirectal, perineal, or paronychial location; intravenous drug use within previous month and fever; infection involving an area of an underlying skin condition; long-term care residence; incarceration; immunodeficiency (eg, absolute neutrophil count <500 cells/µL, immunosuppressive drugs, active chemotherapy, or known AIDS assessed by subject history); creatinine clearance <50 mL/minute; cardiac condition with risk of endocarditis; history of severe liver disease; allergy or intolerance to clindamycin or TMP-SMX; history of Clostridium difficile infection, pseudomembranous colitis, or active diarrhea; taking warfarin, phenytoin, or methotrexate; known glucose-6-phosphate dehydrogenase or folic acid deficiency; pregnant or lactating; treatment with clindamycin or TMP-SMX or another systemic antibiotic in the previous 48 hours unless associated with treatment failure (defined as a patient who has been on prior nonstudy antibiotics for at least 72 hours and failed); infection for which prior cultures revealed in vitro resistance of a pathogen to clindamycin or TMP-SMX in the previous month; concurrent treatment with topical or systemic antibiotic; or enrollment in the study within 12 weeks. Laboratory testing was done at the discretion of the treating clinician.
Randomization and Blinding
Using double-blind Web-based randomization, we assigned subjects in a 1:1 ratio to a 7-day course of clindamycin (one 300-mg capsule, 4 times daily, with 3 placebo capsules, twice daily for first and third doses) or TMP-SMX (4 single-strength capsules, 80 mg/400 mg, twice daily, with 1 placebo capsule, twice daily for second and fourth doses), to ensure subjects in both arms had the same dosing. These dosages were based on existing recommendations at the study's inception [12] . We dispensed medications in blister packs. The blind could only be broken prior to the subject's completion of the trial if the subject suffered a treatment failure or adverse event for which an acceptable alternative treatment could not be given and the subject's best care would be threatened if knowledge of his or her treatment assignment was delayed. An independent contract research organization (EMMES, Rockville, Maryland) that developed the randomization code performed centralized randomization, with assignments made independently at each site. Details regarding randomization and study medication blinding can be found in the Supplementary Appendix.
Outcome Measures
We performed follow-up visit evaluations on days 3-4 (on therapy), 8-10 (end of therapy), 14-21 (test of cure [TOC]), and 49-63 (extended-follow-up) after initiating therapy. We assessed compliance by inspecting blister packs. If the subject lost the blister pack, then we assessed compliance by the record on a memory aid and subject interview.
Descriptions of study populations, including per-protocol, modified intention-to-treat (mITT-1 and mITT-2), and FDA Guidance early endpoint, and definitions of clinical cure or failure are provided in Table 1 . The primary outcome was clinical cure of the wound infection at the TOC visit in the per-protocol population. A subject was classified as a cure if he or she did not meet failure criteria at or before the TOC visit. Standardized physical examination criteria for failure were developed by investigator consensus prior to study initiation and varied by the time since starting treatment as described in detail in Table 1 . All subjects meeting failure criteria had their assigned treatment stopped and a new antibiotic treatment started (ie, different than their originally assigned antibiotic), in addition to any surgical drainage that was deemed necessary. For the mITT-1 analysis, those subjects lost to follow-up were considered to have failed treatment, and those who did not present for the TOC visit but could be reached by telephone were classified as a failure if they reported new antibiotic treatment for their skin infection.
Outcome assessment methods and interrater agreement are described in the Supplementary Appendix. We sent drainage specimens for standard aerobic bacterial culture and susceptibility testing at site hospitals. Investigators were blinded to these results.
Secondary outcomes identified before study initiation included composite cure (ie, resolution of all symptoms and signs of infection, or improvement such that no additional antibiotics and/or surgical procedures were necessary), surgical drainage procedures, changes in erythema size, presence of swelling/ induration and tenderness, invasive infections (ie, sepsis, bacteremia, endocarditis, osteomyelitis, septic arthritis, necrotizing fasciitis, or pneumonia), skin infections at the same or different site, hospitalizations, similar infections in household contacts, missed days from normal activities, work, or school, and days analgesics used.
Statistical Analysis
Our primary hypothesis was that the wound infection cure rate among subjects treated with clindamycin would be superior to the cure rate among subjects treated with TMP-SMX. Assuming a 10 percentage point effect size, type I error rate of 5%, power of 90%, expected cure rate with TMP-SMX of 85%, and 85% evaluability, we estimated that we would need to enroll 500 subjects to ensure an adequate sample size. We report our primary outcome as the difference in the proportion of cures between patients receiving clindamycin and those receiving TMP-SMX. We chose to conduct the primary outcome analysis in the per-protocol population to most precisely evaluate outcomes among subjects who returned for physical evaluation and treatment effects among those with good compliance with a complete treatment course, but also conducted analyses in the mITT and FDA Guidance early endpoint populations. Statistical superiority for our primary endpoint required the lower bound of the 95% confidence interval (CI) for the difference in clinical cure rates to be greater than zero, while clinical superiority required the lower bound to exceed 10%. We analyzed secondary outcomes in the per-protocol population and Per-protocol Subjects who either complied with at least 75% of the first 5 days of treatment doses and had an in-person test-of-cure visit, or who were determined to be a clinical failure before the test-of-cure visit and took at least 75% of the first 48 h of treatment doses.
Clinical cure a : Any subject who was not deemed a clinical failure by a study clinician based on the following criteria: On-therapy visit (days 3-4)-fever (attributable to their infection), increase in maximal dimension of erythema >25% from baseline, or worsening of wound swelling and tenderness; end-of-therapy visit (days 8-10)-fever, no improvement in the maximal dimension of erythema from baseline or in swelling and tenderness; test-of cure visit (days 14-21)-fever or more than minimal erythema, swelling, or tenderness. Subjects deemed a clinical failure had treatment with a new antibiotic.
Modified intention-to-treat 1 (mITT-1)
Subjects who took at least 1 dose of study medication and had in-person or telephone assessment through the test-of cure visit. In addition, all subjects who withdrew from the study, were lost to follow-up prior to final classification, or had missing or unassigned outcomes were included.
Clinical cure: Any subject who was not deemed a clinical failure at or before the test-of-cure visit by a study clinician based on no change in antibiotic therapy due to persistence or worsening of infection (see per-protocol definition), the subject's assessment, or assessment by an outside clinician. All subjects who withdrew from the study, were lost to follow-up prior to final classification, or had missing or unassigned outcomes were classified as failures.
Modified intention-to-treat 2 (mITT-2)
Subjects who took at least 1 dose of study medication and had any in-person follow-up evaluation at any time during the study.
Clinical cure: Any subject who was not deemed a clinical failure based on study protocol criteria by a study clinician (see per-protocol definition) prior to or on the last recorded follow-up visit.
Food and Drug Administration Guidance Early Endpoint (FDAGEEP) [3] Subjects who took at least 1 dose of study medication and completed the follow-up evaluation at 48-72 h after the start of treatment.
Clinical response: Any subject who had a cessation (no change or decrease) in the length, width, and area of erythema from baseline and no worsening seen in swelling/induration and absence of fever (ie, temperature <37.7°C) as assessed by a study clinician.
Safety
Subjects who were randomized, received study product and did not return 100% of doses.
Adverse events were coded according to version 17.0 of the Medical Dictionary for Regulatory Activities. Investigators categorized adverse events as related or not related to the study medication.
a These criteria were developed by investigator consensus.
report 95% CIs of the difference in outcome rates. We also conducted subgroup analyses of cure rates among subjects with MRSA or methicillin-susceptible S. aureus (MSSA) infection, and for those with an infection area ≥75 cm 2 or <75 cm 2 by treatment group.
RESULTS
Of 500 enrolled patients, 249 (49.8%) were randomized to clindamycin and 250 (50.0%) to TMP-SMX and took at least 1 dose; 401 (80.2%) subjects qualified for the per-protocol population ( Figure 1 ). Of 499 who took at least 1 dose, 270 (54.1%) were 100% compliant (136 clindamycin, 134 TMP-SMX) and 132 (26.5%) took 76%-99% of doses (66 clindamycin, 66 TMP-SMX). Subject characteristics are summarized in Table 2 . Median age was 40 years (range, 14-76 years), 63.6% were males. Thirty-two (8.0%) subjects had a history of MRSA infection. Median wound length was 2.0 cm. Median erythema length and width were 7.5 cm and 6.0 cm, respectively. MRSA was found in 40.1% of subjects, MSSA in 25.7%, and streptococci in 5%. The proportion of MRSA isolates susceptible in vitro to clindamycin and TMP-SMX was 95.0% and 97.8%, and that of MSSA isolates was 88.5% and 97.3%, respectively.
Cure rates are summarized in Table 3 . The wound infection was cured at 7-14 days after treatment in 187 of 203 (92.1%) clindamycin-treated and 182 of 198 (91.9%) TMP-SMX-treated subjects (91.9%) in the per-protocol population (difference, 0.2%; 95% CI, −5.8% to 6.2%; P = not significant). Cure rates were also similar among the treatment groups in the 2 intention-to-treat populations and the FDA Guidance early endpoint population (ie, response at 48-72 hours).
Secondary outcomes are summarized in Table 4 . The clindamycin group had a significantly lower rate of recurrent infection at the original infection site than the TMP-SMX group at 7-14 days after treatment (1.5% vs 6.6%; difference, −5.1%; 95% CI, −9.4% to −.8%) and through 6-8 weeks following treatment (2.0% vs 7.1%; difference, −5.1%; 95% CI, −9.7% to −.6%). Other secondary outcomes were not statistically different but tended to favor clindamycin including lower rates of new site SSTI, surgical drainage procedures, and subsequent hospitalization, as well as less disability time.
Subgroup analyses of cure rates 7-14 days after treatment were conducted in the per-protocol population. Among subjects with MRSA isolated, cure occurred in 70 of 78 (89.7%) of clindamycin-treated and 78 of 83 (94.0%) TMP-SMX-treated subjects (difference, −4.2%; 95% CI, −13.9% to 5.5%). Among subjects with MSSA isolated, cure occurred in 51 of 54 (94.4%) clindamycin-treated and 39 of 48 (81.3%) TMP-SMX-treated subjects (difference, 13.2%; 95% CI, 1.3% to 21.8%). Among subjects with an erythema area <75 cm 2 , cure Table 1 for a description of the per-protocol, modified intention-to-treat (mITT-1 and mITT-2), and Food and Drug Administration Guidance early endpoint (FDAGEEP) populations and outcome definitions. On-therapy, test-of-cure, and extended follow-up visits occurred on days 3-4, 14-21, and 49-63 after starting treatment, respectively. occurred in 133 of 143 (93.0%) clindamycin-treated and 127 of 136 (93.4%) TMP-SMX-treated subjects, respectively (difference, −0.4%; 95% CI, −6.3% to 5.8%). Among those with an erythema area ≥75 cm 2 , cure occurred in 54 of 60 (90.0%) clindamycin-treated and 556 of 62 (88.7%) TMP-SMX-treated subjects, respectively (difference, −0.4%, 95% CI, −6.3% to 5.8%). Adverse events are described in the Supplementary Appendix. Overall adverse events rates were similar between groups, and most events were mild. The most common drug-associated adverse events involved the gastrointestinal system (clindamycin, 37.3%; TMP-SMX, 32.8%); no cases of C. difficile-associated diarrhea occurred. No treatment-associated serious or life-threatening adverse events occurred, including invasive infections. Treatment discontinuation rates due to drug-associated adverse events were also similar (clindamycin, 0.0%; TMP-SMX, 1.2%).
DISCUSSION
Wound infections represent a unique type of SSTI. Unlike abscess, drainage is not the primary treatment and, unlike cellulitis without a wound, a diagnostic specimen is usually available for culture. Accordingly, in 2010 the FDA, in its guidance to industry for the development of new antimicrobials, designated wound infections as distinct from abscess and cellulitis [3] . Subsequent clinical trials have evaluated noninferiority of new parenteral antibiotics and oral oxazolidinones compared to intravenous vancomycin and oral linezolid [4] [5] [6] . For the first time that we are aware, among patients with an uncomplicated wound infection, we conducted an adequately powered randomized double-blind trial comparing 2 commonly prescribed off-patent and relatively inexpensive oral antimicrobials, clindamycin and TMP-SMX. We designed this as a superiority trial to test the hypothesis that the wound infection cure rate among clindamycin-treated subjects would be greater than that of TMP-SMX-treated subjects. This hypothesis was based on observational clinical data, experimental findings, and theoretical concerns suggesting inferior efficacy of TMP-SMX [8] [9] [10] . We demonstrated that among 500 randomized patients with wound infections caused predominantly by MRSA and MSSA, clindamycin was not superior to TMP-SMX and both treatments produced similar high cure rates at 7-14 days after treatment with similar adverse event rates. Abbreviations: CI, confidence interval; FDAGEEP, US Food and Drug Administration Guidance early endpoint; mITT, modified intention-to-treat. a See Table 1 for a description of the per-protocol, mITT-1 and mITT-2, and FDAGEEP (response rate reported) populations and outcome definitions.
b P values are from a Wald asymptotic test of equality with a continuity correction. c The primary outcome was clinical cure at the test-of-cure visit (7-14 days after the end of a 7-day treatment) in the per-protocol population.
Williams et al [8] conducted a retrospective review of administrative data for children treated as outpatients for an SSTI. Among children who received drainage procedure, treatment failure over the next year occurred in 107 of 2270 (4.7%) treated with clindamycin compared with 246 of 2206 (11.2%) treated with TMP-SMX. Among children without a drainage procedure, failure occurred in 253 of 5189 (4.9%) treated with clindamycin vs 739 of 8417 (8.8%) treated with TMP-SMX. It has been postulated that S. aureus, through its ability to release thymidine from DNA fragments present in high concentrations in pus, may antagonize the antimicrobial effects of TMP-SMX [9] . In addition, TMP-SMX has been found to have poor in vitro activity against S. pyogenes [10] , although this may be an artifact of thymidine-containing culture media [13] . Despite these concerns, we found that TMP-SMX produced similar outcomes to clindamycin.
The bacteriology of wound infections has not been well described, in part related to a new SSTI classification system introduced by the FDA [3] . We previously used a similar classification scheme in a study of the bacteriology of purulent SSTIs among US emergency department patients that identified the emergence of CA-MRSA as the most frequent cause of these infections [2] . In that study, conducted in 2004, and another similar investigation conducted in 2008 [7] , we isolated MRSA from 53% and 42% of wounds, respectively. In the present trial, we enrolled patients with characteristics of an infected wound with any drainage, although in about 90% of cases the drainage was described as purulent. MRSA was isolated from wounds of 40% of subjects and MSSA from 26%. Although these infected wounds were associated with surrounding cellulitis and some lacked purulent drainage, streptococci were isolated in only 5%.
The results of our study are consistent with 1 recent randomized superiority trial that compared oral clindamycin to TMP-SMX in 524 patients with cellulitis, abscess >5 cm, or both and found similar response and adverse events rates among treatment groups [11] . Patients with wounds and, therefore, wound infections were not specifically identified and, unlike our study, patients with common comorbidities, such as diabetes, were excluded. The dose of TMP-SMX was one-half that used in our investigation (ie, 160 mg/800 mg). Although 160 mg/800 mg of TMP-SMX twice daily should achieve serum and blister fluid levels above MRSA minimal inhibitory concentrations [14] , we chose a 320 mg/1600 mg dose to best test efficacy and for consistency with existing recommendations at the study's inception [12] . In another randomized trial comparing TMP-SMX and placebo among 1265 patients with an uncomplicated skin abscess receiving drainage, we also used 320 mg/1600 mg twice daily and found that the abscess cure rate was statistically significantly higher in the TMP-SMX group, with only slightly more mild gastrointestinal side effects compared to the placebo group [15] . Therefore, we think that we have tested an adequate dose of TMP-SMX and found that the 320 mg/1600 mg dose resulted in similar wound infection cure rates compared with clindamycin 300 mg 4 times daily. We do not know if a lower dose of TMP-SMX (eg, 160 mg/800 mg twice daily) would result in lower cure rates or the effect of a different dose of clindamycin. Clinical trials of subjects meeting ABSSSI criteria comparing oritavancin to vancomycin [4] , dalbavancin to vancomycin followed by linezolid [5] , and tedizolid to linezolid [6] reported similar response rates between the treatment arms among the subgroup of subjects with a wound infection. Only about 30% of subjects in our trial met the ABSSSI criterion of infection area >75 cm 2 . Subgroup analysis by erythema area ≥75 cm 2 or <75 cm 2 did not reveal differences in cure rates overall or by treatment group. Patients with SSTI due to CA-MRSA have been observed to be at increased risk of recurrent infections, so we also examined subsequent infection outcomes and disability [16] . The clindamycin group had a significantly lower rate of recurrent infection at the original infection site than the TMP-SMX group at 7-14 days and 6-8 weeks following treatment (1.5% vs 6.6%, and 2.0% and 7.1%, respectively). Other secondary outcomes were statistically similar but tended to favor clindamycin-treated subjects including lower rates of new-site SSTI, surgical drainage procedures and hospitalizations, and less disability time. Whereas caution must be exercised to not overinterpret secondary outcomes results, notably, Williams et al [8] and Miller et al [17] also reported that the recurrence rate was significantly lower among clindamycin-compared with TMP-SMX-treated subjects. Further study evaluating differential effects of antibiotics on recurrent infection may be warranted.
Subgroup analyses of treatment effect by infecting organism found similar cure rates among those infected with MRSA. Both clindamycin and TMP-SMX demonstrated consistent in vitro activity against MRSA in our study, with ≥95% of isolates susceptible to these agents, despite some reports of communities with high rates of MSRA resistance to clindamycin in the United States [18] . Among those infected with MSSA, we observed a significantly higher cure rate for clindamycin-treated compared with TMP-SMX-treated subjects (94.3% vs 81.3%, respectively). This occurred despite a higher rate of in vitro susceptibility to TMP-SMX (97.3% vs 88.5%, respectively). This result could be due to differences in in vivo killing and toxin inhibition or simply due to chance. In many places in the world, MSSA remains the predominant SSTI pathogen, so this finding may be worth pursuing.
This investigation has limitations. Although patients with common comorbidities, such as diabetes, were not excluded, physicians may have been biased against enrolling some patients perceived as higher-risk. We mainly studied wound infections due to acute trauma but not those associated with chronic wounds and bites, and also excluded patients with severe immunodeficiency, so our findings are not generalizable to these groups. We created standardized methods to determine clinical failure necessitating treatment change that may not be valid, although we are unaware of any validated method, and ours had good interrater agreement and was associated with a high cure rate among those who could be assessed by this method (ie, the per-protocol population). It is possible that some wounds were not infected or may have resolved without antibiotic treatment.
In conclusion, among patients with an uncomplicated wound infection, mostly caused by MRSA and MSSA, 7-day courses of oral clindamycin 300 mg 4 times daily and TMP-SMX 320 mg/ 1600 mg twice daily have similar efficacy and adverse event rates.
Supplementary Data
Supplementary materials are available at http://cid.oxfordjournals.org. Consisting of data provided by the author to benefit the reader, the posted materials are not copyedited and are the sole responsibility of the author, so questions or comments should be addressed to the author.
Notes
